The chloroplast trnS-psbC gene regions from total genomic DNA of 119 accessions from seven small millet species were amplified by polymerase chain reaction (PCR) and digested with eight restriction enzymes individually as well as in combinations of two enzymes to generate restriction fragment length polymorphism (PCR-RFLP). PCR-RFLP with individual enzymes revealed polymorphism between only some species. However, all the species could be distinguished by using a combination of two enzymes, specifically HaeIII and MspI. PCR-RFLP of 11 to 20 accessions with the same enzyme combination showed no intraspecific variation, which established that the differential banding patterns were species specific. In contrast, the same enzyme combination was not useful for differentiating different species of the genera Cajanus, Rhyncosia, Abies, Rhizophora, Ceriops, and Bruguiera, and it also revealed intraspecies variation in three species of Abies. The present study indicated that digestion of trnS-psbC with two four-base recognizing enzymes reveals more variation than with either enzyme alone and that it may be a method of choice for species identification in some genera.
Introduction
Minor millets or small millets are the small-grained cereals belonging to the family Poaceae. The First International Small Millet Workshop reported 35 species of grasses from 20 genera as small millets (de Wet 1986) and it was noted that two-thirds of that number were no longer being cultivated (Doggett 1993) . The most important small millet is finger millet, which is distributed in eastern Africa and South Asia, particularly India (Hilu and de Wet 1976) . Foxtail and proso millets are grown across temperate Eurasia extending into the semi-arid tropical Asia. Banyard millet is cultivated in China, Korea, and Japan. Sawa millet is grown in Central and South India (de Wet 1986) . Kodo millet is cultivated in India and Bangladesh (de Wet et al. 1983 ). Little millet is grown in the Eastern Ghats of India (de Wet 1986) .
International Crop Research Institute for Semi-Arid Tropics (ICRISAT), Hyderabad, India, possesses the largest collection of 7082 accessions, belonging to seven species of small millets collected from 42 countries. Classification of these accessions based on morphological characters was carried out in collaboration with Crop Evolution Laboratory, University of Illinois, U.S.A. (Prasada Rao et al. 1993) . Assessment of genome origin and estimation of genetic diversity in the genus Eleusine was done using random amplified polymorphic DNA (RAPD), restriction fragment length polymorphism (RFLP), and interspersed simple sequence repeat (ISSR) markers (Salimath et al. 1995; Hilu 1995) . Apart from this, there is no worthwhile information on application of molecular markers in small millets. We have analysed intraspecific genetic diversity in seven small millet species using RAPD and RFLP markers, and genome relationships among these species using amplified fragment length polymorphism (AFLP) and RFLP markers that are being published elsewhere. The present report communicates the development of simple polymerase chain reaction (PCR) based species-specific markers for unambiguous identification of seven small millet species. In this method, a particular gene is amplified by universal primer pairs designed from conserved sequences and subsequently digested with restriction enzymes to reveal restriction fragment length polymorphism in PCR-amplified fragments (PCR-RFLP). RFLP and PCR-RFLP markers have proven to be reliable for genetic studies in many species (Wang and Szmidt 1994; Tsumura et al. 1995) . In general, due to its uniparental inheritance, and to the fact that it does not undergo recombination, the inheritance of the chloroplast genome is linear over generations. The slow rate of sequence and structural evolution of this genome (Palmer 1987; Birky 1988) provides opportunities for identifying species diagnostic markers (Parducci and Szmidt 1999; Parani et al. 2000) .
Materials and methods
For the present study, 119 accessions from seven small millet species were obtained from ICRISAT as seeds (Table 1 ). The seeds were germinated in pots, and leaf tissue from 15-days-oldseedlings were used for DNA isolation. The source and description of the samples from Abies, Cajanus, Rhyncosia, Rhizophora, Ceriops, and Bruguiera used in this study (Table 2) were described previously (Parducci and Szmidt 1999; Lakshmi 1999; 
DNA isolation
Five grams of tissue was ground under liquid nitrogen, and suspended in a buffer containing 100 mM Tris-HCl (pH 7.5), 250 mM NaCl, 25 mM EDTA and 0.5% Triton-X 100. The suspension was centrifuged at 5000 × g for 10 min at 4°C. The pellet was suspended in 2% cetyltrimethylammonium bromide (CTAB) buffer (Saghai-Maroof et al. 1984 ) and incubated at 60°C for 30 min. The DNA was extracted with chloroform -isoamyl alcohol (24:1) and precipitated with 0.6 volume of ice-cold isopropanol. The pellet containing DNA was dissolved in TE buffer and purified from RNase and proteins following standard procedures (Sambrook et al. 1989) .
PCR amplification of trnS-psbC
The chloroplast gene region trnS-psbC was PCR amplified using a pair of universal primers; primer 1: 5′-GGT TCG AAT CCC TCT CTC TC-3′, primer 2: 5′-GGT CGT GAC CAA GAA ACC AC-3′ (Demesure et al. 1995) as described before . The temperature profile consisted of a total of 35 cycles with 1 min (4 min for the first cycle) at 94°C for template denaturation, 1 min at 63°C for primer annealing, and 2 min (15 min for the final cycle) at 72°C for primer extension. The amplified products were precipitated with ice-cold ethanol, washed with 70% ethanol, and dissolved in TE buffer. The DNA was quantified by agarose gel electrophoresis, and ethidium bromide staining.
PCR-RFLP of trnS-psbC
About 200 ng of trnS-psbC in 10 µL reaction mix was digested to completion according to the manufacturer's instructions. Eight four-base-recognizing restriction enzymes viz. HaeIII, MspI, RsaI, Sau3AI, TaqI, AluI, AccII, and HhaI were used individually as well as in combination of HaeIII with the remaining seven enzymes (double digestion). The restricted products were separated on 10-15% native acrylamide gels and stained with ethidium bromide (Sambrook et al. 1989 ).
Results and discussion
To survey for the restriction sites, the trnS-psbC gene region in one accession from each of the seven millet species was amplified by PCR and purified as described above. Amplification at 63°C produced a 1.6 kb fragment in all the species as expected, and there was no size variation among the species analysed. Digestion of purified trnS-psbC with the eight restriction enzymes individually showed the presence of at least two restriction sites for each enzyme. This is in contrast with earlier reports in the species of Abies (Ziegenhagen et al. 1995; Ziegenhagen and Fladung 1997) , and Cajanus and its allied genera where many enzymes did not have sites at all.
Although the PCR-RFLP with single enzymes detected interspecific polymorphism (except for TaqI) it could not differentiate all the species. Therefore, HaeIII was combined with each of the other seven enzymes to carry out double digestion. This increased the number of restriction products in each species to a minimum of six (from two in single digestion). The number of polymorphic fragments across the seven species increased considerably with each combination of enzymes, and it ranged between 8 and 12. As a result, 74 polymorphic loci could be obtained from seven double digestions, and that showed a definite increase in the resolu-tion of sequence variations between the chloroplast genes from the seven millet species.
Among the enzyme combinations used, HaeIII and MspI (double digestion) was able to distinguish all the species unambiguously (Fig. 1A) . These were the two enzymes that showed maximum polymorphism when used individually also. This combination of enzymes is convenient to use in the sense that both are compatible for digestion in single buffer supplied by most of the manufacturers. These enzymes were also found to digest the DNA to completion without the need to purify the PCR product. Standardization of the percentage of acrylamide gels was found to be essential so as to clearly separate the majority of the restriction products. Good resolution was achieved in 13% gels for the double digestion with HaeIII and MspI. Therefore, we amplified the trnS-psbC gene region from 119 accessions ( Table vation of the restriction sites among all the accessions within each species. The restriction banding pattern of trnS-psbC from 19 accessions of Echinochloa colona and E. crusgally after double digestion with HaeIII and MspI are shown in Fig. 1B and 1C . This clearly indicated that the observed interspecific differential banding patterns were species specific. For species identification we require a marker system that is variable enough to distinguish all the species of a genus but conserved enough not to show any variation within each species. Moreover, different applications of species-specific markers require that the techniques involved to resolve such markers are simple and inexpensive. Several chloroplast genes could be amplified by a simple PCR method as the primer binding sites are conserved, and digested with several restriction enzymes to reveal polymorphism within the genes (PCR-RFLP). This was reported to be applicable only above species level (Ziegenhagen et al. 1995) due to lack of variation. However, in our earlier studies on mangrove and mangrove associate species we have found that PCR-RFLP of trnS-psbC with HaeIII enzyme showed significant levels of polymorphism at the species level itself. Interspecific variations were found in three genera viz. Rhizophora, Avicennia, and Suaeda. Species-specific restriction patterns were found in Rhizophora and Suaeda . In another study on the genus Abies (Parducci and Szmidt 1999) , species diagnostic markers were observed in 4 of the 10 species by analysing 10 PCR-amplified chloroplast DNA regions after digestion with several restriction enzymes. Therefore, we presumed that species-specific markers could be developed for other genera either (i) by using multiple enzymes for restriction or (ii) by amplifying large fragments of chloroplast genome.
In the present study, the first approach proved to be useful in case of millet species. However, the same approach was not successful with 15 species of Cajanus, 6 species of Rhyncosia, 9 species of Abies, 2 species of Ceriops, and 3 species of Bruguiera from the mangrove family Rhizophoraceae (Table 2) . Although digestion with HaeIII and MspI yielded species-specific profiles in small millets, it showed monomorphic pattern across all the 15 species of Cajanus and 6 species of Rhyncosia used in the present study (data not shown). Differentiation of all the species of Abies was not possible even by using certain combinations of three enzymes (e.g., MspI, HaeIII, and Sau3AI), and there were intraspecific variations in A. alba, A. cephalonica, and A. numidica (data not shown). Intraspecific variations in trnS-psbC after digestion with single restriction enzymes were observed earlier in A. alba (Ziegenhagen et al. 1995; Parducci and Szmidt 1999) and also in A. cephalonica and A. numidica (Parducci and Szmidt 1999) . Therefore, additional chloroplast genes are being analyzed for developing species-specific markers in these species.
PCR-RFLP is a cost-effective method for surveying many samples for variations in chloroplast DNA regions. In the present study, double digestion of the PCR amplified chloroplast gene region trnS-psbC with four-baserecognizing restriction enzymes followed by acrylamide gel electrophoresis and staining with ethidium bromide showed discrete banding patterns that were useful for analyzing interspecific variations. This method with a particular enzyme combination (HaeIII and MspI) revealed speciesspecific markers for seven small millet species. This will be useful in genetic studies, species identification, parentage determination of inter-specific hybrids, analysis of species admixtures, etc. However, the present study also indicated that the application of this technique for developing speciesspecific makers in other genera should be evaluated on a case-by-case basis.
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